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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To Obtain
Length
inch (in) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre (A) 0.4047 hectare
square foot (ftz) 0.09290 square meter
square mile (miz) 2.590 square kilometer
Volume
cubic foot (ft3) 0.02832 cubic meter

Hydraulic Conductivity*

foot per day (f/d) 0. 3048 meter per day

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

*Hydraulic conductivity: The standard unit for hydraulic conductivity is cubic foot per day per square foot of aquifer cross-sectional area
(ft}d)/ £t3. In this report, the mathematically reduced form, feet per day (f/d), is used for convenience.

Other abbreviations:

ft3/s cubic feet per second
gpm gallons per minute
mg/L.  milligrams per liter
in/yr inches per year

The stratigraphic nomenclature used in this report is that of the Wisconsin Geological and Natural History Survey and does
not necessarily follow usage of the U. S. Geological Survey.
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DISSOLVED IRON CONCENTRATION, IN MILLIGRAMS PER LITER

B (.45 micron-filtered sample

[ 0.1 micron-filtered sample

-

A-30 B-5 B-15 B-30 C-5

Dead Pike
Lake

C-15 D-9 Vista Pond Main Ditch

Figure 8. Comparison of iron concentrations in 0.45 micron-filtered water samples, Vilas County, Wisconsin. Location
identifiers (for example, A-30) are those from the cross section shown in figure 7.

movement. Ground-water levels measured in nest “C”
piezometers indicate upward movement and discharge
into the eastern ditch. At nest “A”, ground-water levels
were identical in the “A-7” and “A-30" piezometers
indicating only horizontal flow. Ground-water levels in
piezometer nest “B” indicate horizontal movement
from site “A” to “B” (west to east) and upward at “B”
discharging to the western ditch.

Geochemistry

The form (dissolved and/or precipitated) and trans-
port of iron and manganese in ground water is affected
by environmental conditions, particularly in changes of
oxidation or reduction. For brevity this discussion will
focus on iron but it also applies to manganese. Reduc-
tion/oxidation state (or “redox”) refers to the relative
availability of electron donors or acceptors in aqueous
systems (Stumm and Morgan, 1970). Systems with an
appreciable concentration of “electron donors” are
described as having reducing conditions with a negative
Eh value; systems with an appreciable concentration of

“electron acceptors” result in oxidizing conditions with
a positive Eh value. Dissolved oxygen is an efficient
electron acceptor; thus, the presence of dissolved oxy-
gen is considered to be a strong indicator of oxidizing
conditions. Generally, iron in a reduced state, Fe (II), is
soluble and will travel along with ground water, but iron
in an oxidized state, Fe (III), in the presence of oxygen
may form a precipitate or oxyhydroxide floc; when in a
floc form the iron is not transported with the water. Iron
chemistry can be affected by additional complicating
factors. For example, iron complexes can form with
DOC (Hem, 1989). Fe (II) in complexes may be consid-
erably more resistant to oxidation or the DOC can stabi-
lize Fe (III), preventing or delaying the formation of
iron floc. Iron solubility also is a function of pH, the
amount of hydrogen ion in solution, but because all
waters on Powell Marsh sampled during the study were
similar (pH between 5.8 and 6.9, appendix 3), the dis-
cussion presented here will focus on the effects of redox
and the presence or absence of oxygen.

To gain insight into the processes that lead to the
formation of iron floc in the Powell Marsh ditch net-
work, water samples were collected from both surface

RELATIONS BETWEEN THE GROUND-WATER AND SURFACE-WATER SYSTEMS 1
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Figure 9. Comparison of dissolved organic carbon concentration to iron in 0.45 micron-filtered water samples, Vilas
County, Wisconsin. Location identifiers (for example, A-30) are those from the cross section in figure 7.

and ground water. As previously discussed, the section
B-B’is along a flow path that intersects typical Powell
Marsh surface-water features (pond and ditch) and the
ground-water system. Dissolved iron concentrations
were found to be higher than what commonly is found
in ground water in northern Wisconsin, a result of the
high amounts of naturally occurring iron present in the
aquifer. Moreover, the iron measured in the ground
water was over ten times higher than concentrations
measured in surface water, reflecting the change in the
solubility of the iron when exposed to the dissolved
oxygen present in the surface water.

The analyses gave near identical iron concentra-
tions for the 0.45 and 0.1 micron-filtered samples
(fig. 8) indicating that the iron nominally is “dissolved”
or perhaps present as iron (III)-DOC complexes with
less than 0.1-micron sizes. The latter transport mecha-
nism has been noted in central Vilas County where high
concentrations of iron in ground water were attributable
to iron (III)-DOC complexes smaller than 0.1-micron
(Krabbenhoft, 1984). The relative importance of DOC-
facilitated transport of iron in ground water is not well
understood because of the lack of information regarding

the DOC quality and the low correlation between DOC
and iron concentrations (fig. 9). Although a strong cor-
relation may be expected between high concentrations
of iron and DOC if organic molecules play an important
factor, it is possible that other factors rather than DOC
concentrations limit iron transport. Regardless of the
exact iron transport mechanism, it is important to note
that water sampling demonstrated that high iron con-
centrations transported by ground water are precipitated
as iron floc when the ground water is discharged into a
surface-water body. Thus, it appears that dissolved oxy-
gen in the surface water is able to combine with the
iron—whether dissolved or carried by DOC colloids—
and form the oxyhydroxide floc.

Iron transport can be explained from a regional
flow system perspective. The capacity of ground water
to transport iron is related to the redox potential of the
ground-water system. The redox potential, in turn, is
related to the location in the ground-water-flow system.
Infiltrating water from the land surface carries oxygen
obtained from the atmosphere; this dissolved oxygen is
carried with the infiltrating water as it recharges the
ground-water system. The presence of dissolved oxy-

12 Hydrologic Investigation of Powell Marsh and its Relation to Dead Pike Lake, Vilas County, Wisconsin
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Figure 10. Relation of iron concentration in 0.45 micron-filtered samples to redox potential, Vilas County, Wisconsin.
Location identifiers (for example (A—30) are those form the cross section shown in figure 7. [R2, coefficient of determination,
is an indicator that ranges from 0 to 1 and reveals how closely the estimated values for the trendline correspond to the actual
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gen in the recently recharged water causes the water to
have a high oxidation potential; thus, iron is in the oxi-
dized form and is not soluble. Along its subsurface flow
path, the ground water encounters conditions that can
consume the dissolved oxygen, most commonly micro-
bial communities and organic matter (Freeze and
Cherry, 1979). Thus, water that has traveled farther, and
has had greater exposure to these conditions will con-
tain less dissolved oxygen. Given enough distance the
dissolved oxygen will be completely consumed and the
ground water becomes reducing. When the ground
water becomes sufficiently reducing, iron containing
minerals in the aquifer can dissolve and the iron can be
transported by the ground-water system.

As the ground water flows from the recharge area
to the discharge area, additional water is added to the
top of the saturated zone as the aquifer receives
recharge from infiltrating water. Thus, deeper water
(deeper than the infiltrating water) will have traveled
further than shallower water. This result is demon-

strated by the field data collected in this study; water
samples from deeper piezometers represent longer
ground-water-flow paths with more reducing condi-
tions, and more dissolved iron (fig. 10). Water samples
from shallower wells represent shorter flow paths with
more oxidizing conditions, and lower concentrations of
dissolved iron (fig. 10). Surface waters in the ditch and
Vista Pool has a constant source of oxygen from the
atmosphere, and thus, are always oxidizing. These sites
have low dissolved iron, but higher amounts of particu-
late iron floc representing the change of iron from the
dissolved to solid phase. Results from these surface-
water samples can be considered to represent the end of
the ground-water-flow path.

SUMMARY AND CONCLUSIONS

There is concern that iron floc from Powell Marsh
ditches is damaging the aesthetic quality of Dead Pike
Lake in western Vilas County, Wis. A study was initi-

SUMMARY AND CONCLUSIONS 13



ated by the U.S. Geological Survey, in cooperation with
Wisconsin Department of Natural Resources to evaluate
the effect of Powell Marsh on the hydrology of Dead
Pike Lake and to determine the source of iron floc and
the potential for its transport from Powell Marsh to
Dead Pike Lake.

A calibrated analytic element ground-water-flow
model indicates ground water generally flowing from
Powell Marsh to the northwest toward Dead Pike Lake
and west toward Little Lost Creek. Simulation results
indicate that, from the south part of its watershed, Dead
Pike Lake receives about 2.4 ft3/s of ground water and
1 ft%/s of surface water. If the Powell Marsh structures
were removed, Dead Pike Lake would receive about
3 ft3/s of ground-water flow and 0.5 ft3/s of surface
water. These results show that Powell Marsh hydrologic
structures change the distribution of the water budget
components but not the overall water budget for Dead
Pike Lake.

Water levels measured along a west to east flow
path indicate that water moves from Vista Pond and the
marsh and discharges to ditches. Analyses of ground
and surface waters along the flow path indicate that dis-
solved iron is relatively high in ground water and low in
surface water (the ditches and Vista Pond). Naturally
occurring dissolved iron in ground water derived from
surficial deposits is the source of iron floc in the Powell
Marsh ditches and is coincident with iron floc observa-
tions. Iron and manganese precipitate and form a floc
when the ground water discharges to the ditches. The
transport and form of iron and manganese in the water
of the Dead Pike Lake area can be explained by oxida-
tion/reduction. If ditches were removed, floc forming in
the ditches would no longer be available for transport
because the environment that is suitable for floc forma-
tion would be removed. However, it is likely that the
floc formation may be redirected to the near-shore envi-
ronment in Dead Pike Lake where ground water dis-
charges.

REFERENCES

Attig, J.W., 1985, Pleistocene Geology of Vilas County, Wis-
consin: Wisconsin Geological and Natural History Sur-
vey Information Circular 50, 32 p.

Batten, W.G., and Lidwin, R.A., 1996, Water Resources of
the Lac Du Flambeau Indian Reservation, Wisconsin,

1981-86: U.S. Geological Survey Water-Resources
Investigation Report 944025, 42 p.

Bradbury, K.R., and Muldoon, M.A., 1990, Hydraulic con-
ductivity determinations in unlithified glacial and flu-
vial materials, In Ground Water and vadose Zone
Monitoring: American Society for Testing and materi-
als, ASTM STP 1050, Philadelphia, p. 138-151

Freeze, A.F., and Cherry, J.A., 1979, Groundwater: Prentice
Hall Inc., Englewood Cliffs, New Jersey, 604 p.

Haitjema, H.M., 1995, Analytic element modeling of ground-
water flow: Academic Press, San Diego, CA, 394 p.

Hem, J.D., 1989, Study and interpretation of the chemical
characteristics of natural water: U.S. Geological Survey
Water Supply Paper 2254, third edition, 263 p.

Hunt, R.J., and Krohelski, J.T., 1996, The application of an
analytic element model to investigate groundwater-lake
interactions at Pretty Lake, Wisconsin: Journal of Lake
and Reservoir Management, v. 12, no. 4, p. 487—495.

Hunt, R.J., Anderson, M.P., and Kelson, V.A., 1998, Improv-
ing a complex finite-difference ground water flow
model through the use of an analytic element screening
model: Ground Water, v. 36, no. 6, p. 1011-1017.

Krabbenhoft, D.P. 1984, Hydrologic and geochemical con-
trols of freshwater ferromanganese deposit formation at
Trout Lake, Vilas County, Wisconsin: MS thesis, Uni-
versity of Wisconsin-Madison, 137 p.

Krohelski, J.T., Bradbury, K.R., Hunt, R.J., and Swanson,
S.K., 2000, Numerical simulation of groundwater flow
in Dane County, Wisconsin: Wisconsin Geological and
Natural History Survey Bulletin 98, 31 p.

Mitchell-Bruker, S., and Haitjema, H., 1996, Modeling
steady state conjunctive groundwater and surface water
flow with analytic elements: Water Resources Research,
v. 32, n0. 9, p. 2725-2732.

Novitzki, R.P., 1982, Hydrology of Wisconsin Wetlands:
Wisconsin Geological and Natural History Survey
Information Circular Number 40, 22 p.

Patterson, G.L., 1989, Water Resources of Vilas County, Wis-
consin: Wisconsin Geological and Natural History Sur-
vey Miscellaneous Paper 8§9-1, 32 p.

Strack, O.D.L., 1989, Groundwater Mechanics: Englewood
Cliffs, New Jersey, Prentice-Hall, 732 p.

Stumm, W., and Morgan, J.J., 1970, Aquatic Chemistry, an
introduction emphasizing chemical equilibria in natural
waters: Wiley-Interscience, John Wiley and Sons Inc.,
New York, 583 p.

Wisconsin Department of Natural Resources, 1995, Wiscon-
sin Lakes, Wisconsin Department of Natural Resources
PUB-FM-800 95 REV, 182 p.

14 Hydrologic Investigation of Powell Marsh and its Relation to Dead Pike Lake, Vilas County, Wisconsin



APPENDIXES 1-3

APPENDIXES 1-3 15



Appendix 1. Coordinates and elevations of sites measured by Global Positioning System

TABLES

Al. Location of lake and stream-elevation measurements, Vilas County, WiSCONSin .........cocceeevereveieinininiiniiiiicieeinis

A2. Locations of piezometers and Vista Pond along section B-B’, Vilas County, Wisconsin

A3. Locations of water-level measurements upstream and downstream of Powell Marsh structures, Vilas County,
WISCOMSII . .cviniiniiiietr ettt ettt h ettt a e e b et s bbb st s e sas b e s R s bR e a R saeeaes e ens b e snsnees 18

16 Hydrologic Investigation of Powell Marsh and its Relation to Dead Pike Lake, Vilas County, Wisconsin



e Pead  HAIJAVHATISM L88°S6ST Y0v'6Z86£E LT0°5899661 STT'e¥8801S 8¥8°CILILT
PY T19MOd Je Jo1u] 94T NId pedd  THSMISO 6279651 619°Cr6LEE 050°829T661 956'¥1E801S 601°SSPSLT
1910 aYe] ysnqredng 1Mo JNTHSMSSO £19°L6ST $S0'TIP8LE 875 S¥86861 T8Y'LIVT0IS  6LT'E8EVLT
AeTRd HNVTIHIITISMTISO TT6'86S51 L88'109¥V¢ L61°0L58861 S0S 06£011S SSY'S6erLT
e

Y4 pea( JO WEansuMop ‘I 9°(~ 1) ISOTIPIT  THSMITSO §69°C6S1 LT ETIEYE 10°L858861 LT8'6L6601S  65S'€8THLT
Ly AMH 1849310 ysngredng Ly X MHNOHSNEYVONSISO S9E'76S1 £09°76¥5CE L96'11.9861 £68°68SY0IS  9T¥'60SELT
e uelays  NVIANIFHSTISMSISO 0996651 LTEIY60EE 88L°5T8Y861 99T'ELTIOIS  96V'L66TLT
IoATY ysimoyue|N - THSMBISO 91¥'6851 L16°ST9eSE L1E'¥801661 888°0LIELIS 6TE'S91SLT
[P#0d JO MN Tur 9'0~ SUIX P PO I8 1D ISOTAMIT THSMBSO 01Z'e8S1 88447123 SOLVYITLLGT €6L°LSS80IS  ¥TEOVLOLT
axe] yoeaq Apues HOVHHAVSTASMELSO 190°6851 0269560t ¢ $9L°02€9L61 ¥S6°0TP601S  CEV'ITSOLT
1) 1eag aaoqe ISl 1) IS0 TIMIT  NATASM [ZOANVHISO EVT6LST £80°C6TVEE 99 0rEVL6TL 999°78¢L01S $87°01869C
I Teag aa0qe 1snf 1) ISOTIMIT  dITASM IZOANYHISO 9981861 SLLOETYEE S0S'T6CYLOL 800°S6£L01S £90'97869C
Ly AMH 18 221D 1SOTapNT Ly AMHIVIDLSOTHTLLIILSO 0rL 1851 LOL SYTSEE Y8L'E96EL61 Y10'80LLOTS 88S5°LEL69T
DALY ysimontely  JHATIHSIMOLINVINTASMLISO 8IL6LST 125°89616¢ 1€8'9¥55961 9S0'8LLTIIS  ¥TO'I9ELOT
ID YSnGIESNg YIm DUINGUOD Mo[aq Isnl 1) Jeag  THSMIDAVALIISO TTIELST SYL'8ETTEE 96+°9691961 Y9¥'868901S LEV'6L899C
AT IS IMIT  IVLSHTLLITIHSMYSO 159°0091 $€6°60SYE 09'7r9900C YOL'8THOLLS €8L°0186LC
ayeT suo)s Buiddalg  TASMINOLSONIIIILSESO 16072091 TOL'8YETYE 00%'L61000T Y9T0LS60TS  OV6'TI8LLT
aye duo)g Surddays  THSMINOLSONIIIILSESO €L1°2091 1288peTye €6£°L61000C ELT'OLS601S 8€6'T18LLT
axe7duo)g Surddays  [HNOLSONIIIALS TASMOISO LL1'2091 099'8+0Te TSE'9978661 9701056015 ¥91°0TTLLL

1un g9 Aq pa10ys se uondadsap ang ©as M_H“w w M we.w““m X e..mﬂmw«sm (s21am) (s1ar00)

uoneAdd AeIs Ul A I M AW Xmin

[101BOIO N 9sIoAsUBIL], [BSIAATU() ‘IALL() ‘WNSAS Surmonisod [eqolo) ‘SdD]
SJUaWaINSEaW UO[BASIS-WEAIIS PUR 9| JO UOIJed0T " LY 3|qeL

17

Appendix 1



Table A2. Locations of piezometers and Vista Pond along section B-B’
[GPS, Global Positioning System; UTM, Universal Transverse Mercator]

UTM X UTMY Wisconsin State Wisconsin State Elevation
(meters) (meters) Plane X Piane Y (ft above sea Site description as stored by GPS unit
(feet) (feet) ievel)

275792.215 5107873.055 1993787.653 336535.960 1600.547 WELLA30 Piezometer A-30
275816.789 5107864.372 1993869.272 336510.543 1600.686 WELLBS Piezometer B-5
275817.327 5107864.364 1993871.034 336510.583 1600.686 WELLBI5 Piezometer B-15
275817.993 5107864.321 1993873.223 336510.523 1600.463 WELLB30 Piezometer B-30
275831.288 5107862.842 1993916.981 336507.321 1597.751 VISTAPONDDNWSEL  Vista Pond
275834.537 5107864.213 1993927.461 336512.219 1601.305 WELC15 Piezometer C-15
275834.585 5107863.701 1993927.681 336510.544 1601.546 WELLC5  Piezometer C-5
275840.267 5107860.934 1993946.646 336502.178 1606.114 WELLDY Piezometer D-9
275847.110 5107863.396 1993968.771 336511.096 1602.154 VISTAPONDWSEL  Vista Pond

Table A3. Locations of water level measurements upstream and downstream of Powell Marsh structures
[GPS, Global Positioning System; UTM, Universal Transverse Mecator]

UM X(meters) UMY meters)  "ISTCET Vme v (abovesealeved o byGSumt
275834.007 5108254.793 1993877.372 337792.325 1602.170 008WSELUP
275823.753 5107796.328 1993900.519 336288.382 1597.794 009WSELDN
275826.451 5107784.989 1993910.765 336251.551 1603.271 009WSELUP
275816.945 5107625.388 1993899.365 335727.262 1603.234 010WSELUP
275807.278 5107622.181 1993868.080 335715.554 1602.212 010WSELDN
275802.468 5106643.838 1993973.412 332508.324 1603.206 011WSELUP
275803.275 5106651.756 1993975.077 332534.376 1603.255 011WSELDN
276577.150 5107279.865 1996433.790 334688.851 1604.861 012WSELDN
276577.602 5107273.447 1996436.066 334667.869 1605.266 012WSELUP
276488.424 5107352.898 1996133.939 334917.246 1603.182 013WSELDN
276492.231 5107334.801 1996148.658 334858.402 1603.538 013WSELDNWEST
276495.515 5107348.918 1996157.675 334905.079 1604.891 013WSELUP
276570.225 5107391.225 1996397.307 335052.990 1604.818 014WSELDN
276576.253 5107399.411 1996416.050 335080.568 1605.555 014WSELUP
277347.164 5106801.698 1999016.789 333216.883 1605.954 01SWSELDN
277348.531 5106793.997 1999022.224 333191.811 1607.655 015WSELUP
277281.731 5106788.424 1998803.967 333165.277 1604.812 016WSELDN
277286.445 5106783.9950 1998819.966 333151.328 1607.526 016WSELUP
277244.408 5108333.815 1998490.332 338225.898 1603.115 017WSELDN
277252.425 5108328.563 1998517.260 338209.678 1605.534 017WSELUP
274679.631 5106866.575 1990265.647 333099.424 1598.830 018WSELDN
274687.414 5106875.531 1990290.046 333129.740 1602.278 018WSELUP
275820.763 5108252.980 1993834.188 337784.741 1597.091 WSELDNDAMATSTRUCT
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Appendix 2



Appendix 3. Powell Marsh—Dead Pike Lake water analyses along section B-B’
[mg/L, milligrams per liter; °C, degrees Celsius; organic C, organic carbon; Mn, manganese; Fe, iron; --, no data}

Site Date t rS;aant:'?elt:‘ t Or?nagn/ILc c mMgr;L ;:;L Temp;ecra!ure coigﬁgifai;ce D;zsy:’:g:d pH  Redox

Piezometer A-30 6/14/00 Raw water 9.21 0.93 58 74 41 0.17 6.8 275
0.45 micron 8.88 .85 49
0.1 micron 8.62 .95 57

Piezometer B-5 6/15/00 Raw water 23.39 43 33 10.45 24 2 6.2 -114
0.45 micron  22.43 44 32
0.1 micron 24.94 43 31

Piezometer B-15 6/15/00 Raw water 16.37 .59 29 9.15 26 .19 6.5 -149
0.45 micron 1649 .61 28
0.1 micron 1591 .61 28

Piezometer B-30 6/14/00 Raw water 8.56 12 61 9.83 40 2 6.9 -226
0.45 micron 7.89 94 23
0.1 micron 8.74 95 24

Piezometer C-5 6/15/00 Raw water 3.25 2 26 12.36 13 29 6.2 -77
0.45 micron 3.12 2 24
0.1 micron 3.44 .19 23

Piezometer C-15 6/15/00 Raw water 8.98 31 27 113 17 22 6.2 -90
0.45 micron 5.72 3 25
0.1 micron 526 3 25

Piezometer D-9 6/15/00 Raw water 9.79 .19 19 12.28 11 .24 5.8 -22
0.45 micron ~ 12.33 .19 18
0.1 micron 11.45 2 19

Vista Pool 6/15/00 Raw water 13.38 .01 2.4 17.5 21 7.94 6 27
0.45 micron 14.55 .01 14
0.1 micron 18.55 01 7

Main Ditch 6/15/00 Raw water 17.85 .07 10 17.23 80 6.35 6 221
0.45 micron  17.97 .06 44
0.1 micron 14.56 .05 22

Dead Pike Lake 7/20/00 Raw water .02 R 226 76 8.82 73 --
0.45 micron .00 37
0.1 micron .00 2
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